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Background: Inflammation with fibrosis is one of the primary pathologies of FS. 
However, the etiology of frozen shoulder (FS) remains unknown. Advanced glycation 
end-products (AGEs) cause cross-linking and stabilization of collagen and are reported 
to increase in FS. The present study aimed to elucidate the pathogenesis of FS by 
evaluating the receptor of AGE (RAGE)-dependent pathways. 
Methods: Tissue samples of the rotator interval (RI), coracohumeral ligament (CHL), and 
anterior-inferior glenohumeral ligament (IGHL) were collected from 33 patients with FS, 
presenting with severe stiffness, and 25 patients with rotator cuff tears (RCT) as controls. 
Gene expression levels of RAGE, high-mobility group box 1 (HMGB1), Toll-like receptor 
2 (TLR2), TLR4, S100 calcium binding protein A1 (S100A1), S100B, nuclear factor-κ B 
(NF-κB), and cytokines were determined using quantitative real-time polymerase chain 
reaction. The immunoreactivity of carboxymethyllysine (CML), pentosidine, and RAGE 
were also evaluated. CML and pentosidine were evaluated using high-performance liquid 
chromatography (HPLC). 
Results: Gene expression levels of RAGE, HMGB1, TLR2, TLR4, S100A1, S100B, and 
NF-κB were significantly greater in the CHL and IGHL tissue from the FS group 
compared to those in the RCT group (RAGE in CHL, p = 0.006; in IGHL, p = 0.016; 
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HMGB1 in CHL, p = 0.008; in IGHL, p < 0.001; TLR2 in CHL, p = 0.044; in IGHL, p = 
0.004; TLR4 in CHL, p = 0.021; in IGHL, p = 0.027; S100A1 in CHL, p = 0.001; in IGHL, 
p = 0.008; S100B in CHL, p = 0.001; in IGHL, p = 0.012; NF-κB in CHL, p = 0.001; in 
IGHL, p = 0.035). Further, the immunoreactivity of RAGE and CML was stronger in the 
CHLs and IGHLs from the FS group compared to those from the RCT group. Pentosidine 
was found to be weakly immunostained in the CHLs, IGHLs, and RIs from the FS group. 
HPLC results show that CML levels were significantly greater in the CHLs and IGHLs 
from the FS group compared to those from the RCT group (CHL, p = 0.011; IGHL, p = 
0.008). 
Conclusion: The results indicated that in AGEs, CML, rather than pentosidine, exerted a 
more pronounced effect on FS pathology. AGEs, HMGB1, and S100 protein are supposed 
to bring inflammation with fibrosis in FS, by binding to RAGE and activating NF-κB 
signaling pathways. Hence, suppression of these pathways could provide a potential 







2. Introduction  
Frozen shoulder (FS) is characterized by severe pain and restricted active and 
passive ranges of motion (ROMs) 1. The pain and stiffness associated with FS generally 
restrains activities of daily living and working, and disturbs quality of life. The natural 
course of this disease is considered to be self-limiting 2. Symptoms often last two to three 
years, with three classical stages: freezing, frozen, and thawing 3.  
Inflammation with fibrosis is one of the primary pathologies of FS. Bunker 
et al. 4 reported the presence of active fibroblast proliferation and transformation to 
myofibroblasts in capsular tissue specimens from patients with FS. Similarly, Hand et al. 
5 reported chronic inflammatory changes, with fibroblastic proliferation, in capsular tissue 
biopsies from patients with FS. Furthermore, Rodeo et al. 6 reported that adhesive 
capsulitis involves both synovial hyperplasia and capsular fibrosis. These studies suggest 
that chronic inflammation causes proliferative fibrosis in the capsule of FS patients, 
which plays an important role in the pathogenesis of FS. Additionally, Hagiwara et al. 7 
showed that the collagen density and the number of cells significantly increased in FS 
and the joint capsule became significantly stiffer in scanning acoustic microscopy study, 
with increased expression of genes associated with inflammation, fibrosis, and 
chondrogenesis 8. Furthermore, according to the results of shot-gun proteome analysis, 
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the upper and lower portions of the capsule express different pathologies 9. However, the 
etiology of FS remains unclear. 
Advanced glycation end-products (AGEs), synthesized by non-enzymatic 
glycation and oxidation in the Maillard reaction, accumulate in various tissues with aging 
10,11. Carboxymethyllysine (CML) (Figure 1A) and pentosidine (Figure 1B) are one of the 
main AGEs. Saito et al. 12 reported that collagen cross-links can be classified into two 
types: 1) lysine hydroxylase and lysyl oxidase-induced cross-links (enzymatic cross-
links), and 2) glycation or oxidation-induced cross-links with AGEs (non-enzymatic 
cross-links). Patients with osteoporosis exhibit significant reductions in enzymatic cross-
links and increased AGE cross-links in bone collagen with aging 12. Vaculik et al. 13 
reported that serum and bone concentrations of pentosidine are higher in subjects with 
hip fractures. Additionally, Hwang et al. 14 reported that overexpression of AGEs caused 
fibroblastic proliferation in FS. Considering pathological changes associated with FS, 
AGE cross-links and stabilization of collagen with AGE accumulation may play a 
potential role in the pathogenesis of FS. 
The receptor of AGE (RAGE) is a transmembrane protein with three 
extracellular domains 15 (Figure 1C). As a non-AGE ligand, high-mobility group box 1 
(HMGB1), which is a highly dipolar structure with 2 domains (about 30kDa) 16 (Figure 
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1D), has been shown to bind with RAGE 17 (Figure 1E). S100 calcium binding proteins 
are a small (10-12 kDa) molecular family with calcium binding motif 18 such as S100A1 
and S100B, bind with RAGE to activate calcium-dependent pathways 19 (Figure 1E). 
RAGE activates reactive oxygen stress, mitogen-activated protein kinase (MAPK), and 
extracellular signal-regulated kinase (ERK1/2), which ultimately activates nuclear factor-
κ B (NF-κB), in diabetic cardiovascular endothelial cells 20 (Figure 1E). Early growth 
response-1 (Egr-1), a transcription factor that is highly associated with cardiovascular 
complications of type 2 diabetes mellitus (DM) 21,22, is also upregulated in RAGE 
signaling-mediated hypoxia (Figure 1E). NF-κB promotes the transcription of 
proinflammatory mediators, such as intercellular adhesion molecule-1 (ICAM-1) and 
vascular cell adhesion molecule-1 (VCAM-1) (Figure 1E). NF-κB and Egr-1 activate 
various inflammatory genes such as tumor necrosis factor alpha (TNFα), interleukin-6 
(IL-6), and interleukin-1 beta (IL-1β) 23 (Figure 1E). These factors induce fibroblastic 
inflammation and the progression of atherosclerosis 20. RAGE signaling sustains the 
transcription of NF-κB, leading to prolonged inflammation and progressive chronic 
kidney disease 24. In chronic obstructive pulmonary disease, AGEs and HMGB1 have 
been shown to increase in long-term smokers, leading to increased oxidative stress, 
RAGE-dependent signaling, and NF-κB gene expression 25. HMGB1 binds with RAGE, 
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Toll-like receptor 2 (TLR2), and TLR4, and activates NF-κB signaling cascades, leading 
to the production of cytokines, such as TNFα, IL-6, and IL-1β in macrophages, 
plasmacytoid dendritic cells, and B cells 26-29. S100A1, one of S100 proteins, binds RAGE 
and TLR4, activating NF-κB signaling pathways, resulting in increased secretion of 
proinflammatory cytokines in endothelial cells and leukocytes 30. The interaction of 
S100B with V domain of RAGE activates the transcription of NF-κB to promote neurite 
outgrowth in concert with amphoterin in the nerve system 31. Additionally, RAGE and 
HMGB1 proteins and mRNA expression levels increase in patients with knee 
osteoarthritis, suggesting that RAGE and HMGB1 are both involved in the development 
or progression of this condition 32. Thankam et al. 33 reported that RAGE, HMGB1, and 
triggering receptors expressed on myeloid cells-1 increase in patients with severe 
glenohumeral arthritis and rotator cuff injuries. However, no study has investigated the 









I could posit hypotheses as follows. Both joint stiffness and inflammation 
with fibrosis are the main pathologies in FS. The joint stiffness of FS is supposed to be 
led by AGE accumulation and AGE cross-links and stabilization of collagen. 
Inflammation with fibrosis is supposed to be caused by AGEs-RAGE signaling pathways. 
The purpose of this study was to elucidate AGEs in FS and RAGE-dependent pathways 














4. Materials and methods 
4.1 Patients and tissue collection 
A retrospective case-control study was conducted. The protocols were 
approved by the institutional review board of Tohoku University (2011-447). To all 
participants it explained that various products included in samples obtained during 
arthroscopic surgery were evaluated and participants were free to ask any questions 
pertaining to the study and their involvement, after which time written informed consent 
was obtained from all study participants. The inclusion criteria for FS were as follows: 
(1) a history of a painful stiff shoulder for at least 1 month; (2) restricted passive 
glenohumeral joint motion, with <100° of forward flexion, <20° of external rotation, and 
internal rotation (fifth lumbar vertebra or lower); and (3) unremarkable radiological 
findings 9,34. The exclusion criteria included glenohumeral osteoarthritis, calcific 
tendinitis, migrated humeral head, osteonecrosis of the humeral head, a history of 
traumatic events 9,34 . 
The coracohumeral ligament (CHL) originates in the outer space of the 
coracoid process horizontal limb, and encloses the supraspinatus and subscaplaris 
muscles 35. Thickening of the CHL and subcoracoid fat triangle of sagittal oblique view 
in magnetic resonance imaging is one of the main findings in FS patients 38. The anterior-
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inferior glenohumeral ligament (IGHL) is a hammock-like structure with anchor points 
on the anterior and posterior glenoid, as well as an attachment to the proximal humeral 
neck 36. The rotator interval (RI) is a roughly triangular region with interposition of the 
coracoid process (the base of the triangle) located between the subscapularis and 
supraspinatus anteriorly forming the two sides 37 (Figure 2). 
Patients with rotator cuff tears (RCTs) without severe ROM restriction, as a 
model without inflammation in joint capsules, were selected as controls. The inclusion 
criteria for RCT were as follows: (1) no severe ROM limitations (>140° of forward 
flexion and >30° of external rotation); and (2) diagnosed by magnetic resonance imaging 
9,34. The exclusion criteria included glenohumeral osteoarthritis, calcific tendinitis, 
migrated humeral head, and osteonecrosis of the humeral head 9,34. The ROMs in the FS 
group patients were significantly smaller than those in the RCT group in forward flexion, 
lateral elevation, external rotation, internal rotation, 90° abduction with external rotation, 
90° abduction with internal rotation, and horizontal flexion (Figure 3A-G).  
The surgical indication of FS was that the condition had failed to improve or 
had deteriorated after 3 months of intensive conservative treatment 9. The surgery was 
performed as follows: the patient is placed in the beach-chair position under general 
anesthesia. A 30° arthroscope is induced throuth a standard portal, and parts of the CHL, 
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IGHL, and RI are collected (Figure 4) 39.  
Tissue samples for the quantitative real-time polymerase chain reaction (qRT-
PCR) experiments, the immunohistochemistry and the high-performance liquid 
chromatography (HPLC) analysis of CML were obtained from 14 patients with RCT (5 
men and 9 women; mean age, 62.0 years; age range, 49-78 years), and 14 patients with 
FS (4 men and 10 women; mean age, 56.4 years; age range, 45-68 years) (Table 1). The 
difference in age distribution between the two groups was marginal but not statistically 
significant (mean difference: 5.6 years, p = 0.094 analyzed using the Student’s t-test). 
Samples for the HPLC analysis of pentosidine were obtained from another 19 patients 
with FS (7 men and 12 women; mean age, 52.6 years; age range, 25-69 years) and 11 
patients with RCT (8 men and 3 women; mean age, 62.6 years; age range, 46-79 years) 
who satisfied the above criteria (mean difference: 10.0 years, p = 0.052 analyzed using 
the Student’s t-test). There were no bilateral cases. 
 
4.2 Sample preparation, RNA extraction and purification 
 Three samples were obtained for each patient and for each ligament during 
arthroscopic surgery. One sample was cut into small pieces and the samples were fixed 
with 4% paraformaldehyde in 0.1 M phosphate-buffered saline, pH 7.4 supplemented 
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with 18% sucrose for cryoprotection. The paraffin-embedded tissue was cut into 5-μm 
sections. The hematoxylin and eosin (HE) staining was performed to compare the fibrous 
changes of ligaments in the FS group with those in the RCT group. Individual fibroblast-
like cells were counted on three 200× field (i.e., 20× objective lens and 10× ocular lens; 
0.7386 mm2 per field), by a single researcher, in a field we randomly observed 8. 
Another sample was immediately placed in a vessel containing 1.5 mL QIAzol 
(Qiagen, Hilden, Germany) and stored in a liquid nitrogen tank until RNA extraction. The 
samples were then homogenized with a Polytron (Kinematica AD, Luzern, Switzerland). 
The total RNA of the homogenate was purified using an RNeasy Fibrous Tissue Mini Kit 
(Qiagen). 
 The other sample was preserved and kept semipermanently in a frozen state 
using a refrigerator at a temperature of -80 °C for high-performance liquid 
chromatography. 
 
4.3 Quantitative reverse transcription-polymerase chain reaction (qRT-PCR) 
Complementary DNA was synthesized using the cloned avian myeloblastosis 
virus first-strand cDNA synthesis kit (Invitrogen, Carlsbad, CA, USA). Gene expression 
was evaluated quantitatively by real-time polymerase chain reaction (PCR) using a 
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LightCycler (Roche Diagnostics, Basel, Switzerland). PCR efficiencies and the relative 
expression levels of RAGE, HMGB1, TLR2, TLR4, S100A1, S100B, NF-κB, Egr-1, ICAM-
1, VCAM-1, TNFα, IL-6, and IL-1β, as a function of elongation factor 1-α 1 (EF1α1) 
expression, were calculated as previously described 40. The primer sequences for the 
expression analysis are provided in Table 2. 
 
4.4 Immunohistochemistry 
The paraffin-embedded tissue samples were cut into 5-µm sections for 
immunohistochemistry. The sections were deparaffinized and immersed in 3.0% 
hydrogen peroxide for 10 minutes. The slides were incubated with methanol at a 
temperature of 20 °C for 30 minutes. Endogenous immunoglobulins were blocked by 
incubation using 10% normal goat serum (Nichirei, Tokyo, Japan) in phosphate-buffered 
saline. The slides were incubated with antibodies against RAGE (ab3611, 1:100, Abcam, 
Cambridge, UK), CML (ab27684, 1:500, Abcam), and pentosidine (Wako, Clone No. 
PEN-12, Tokyo, Japan). The final detection step was carried out using 3,3′-
diaminobenzidine tetrahydrochloride (Sigma-Aldrich, St Louis, MO, USA), 0.1 M 
imidazole, and 0.03% hydrogen peroxide. These slides were counterstained with 
hematoxylin. For negative controls, normal rabbit immunoglobulin G (IgG) (X0936, 
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Dako, Copenhagen, Denmark) and normal mouse IgG (X0931, Dako) were used as 
primary antibodies. Individual microvessels immunostained by RAGE were counted on 
three 200× fields (i.e., 20× objective lens and 10× ocular lens; 0.7386 mm2 per field), by 
a single researcher, in a field we randomly observed 8. Immunoreactivity is evaluated as 
qualitatively and pathologically positive or negative staining.  
  
4.5 High-performance liquid chromatography (HPLC) 
HPLC experiments were outsourced to the Clinical Laboratory Center of 
Fushimi Pharmaceutical Co. Ltd. HPLC performed according to the manufacturer’s 
protocols.  
Samples were dried in vacuo hydrolyzed by 6N hydrochloric acid (HCl) at 120℃ 
for 16 hours in sealed test tubes under nitrogen. The HCl was dried in vacuo and 
solubilized again 250µl of distilled water. The samples after acid hydrolyzation were 
cleaned by solid phase extraction. The CML-KLH conjugate (100 µl) was dispensed into 
each well of a micro-titer plate and incubated for 24 hours at 4℃. After washing with 
PBS containing 0.5 ml/l Tween 20, the wells were blocked with 40% Block Ace (KAC 
CO., Ltd) at room temperature for 3 hours. Fifty microliters of CML antibody and 50 µl 
of CML (nippi CO., Ltd, Japan) standard solution or pretreated sample were added to 
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each well and incubated for 1 hour after washing; peroxidase-labeled goat anti-rabbit IgG 
polyclonal antibodies (DAKO, Denmark) were added and incubated for 1 hour at room 
temperature. Then, a color development reagent containing 0.5 mg/ml of 3,3)5,5)-
tetramethylbenzidine (ScyTek Laboratories, Logan, Utah, USA) was added to each well. 
The reaction was stopped 10 min later by adding 100µl of TMB stop buffer (ScyTek 
Laboratories, Logan, Utah, USA). The absorbance was measured within 10 min at 450 
nm (main wavelength) and 630 nm (reference wavelength). The standard curve was 
obtained by measuring standard CML solutions at 0, 0.05, 0.5, 5, and 20.0 µg/ml. 41 
Decalcifying bone tissue samples were dried in vacuo and hydrolyzed by 6N HCl 
at 110 ℃ for 16 hours in sealed test tubes under nitrogen. The HCl was dried in vacuo 
and solubilized again using 50 µL distilled water. Pentosidine was quantitated based on 
fluorescence measurement by reverse-phase HPLC using the method described by Odetti 
et al. 42 The sample in 20 μL was injected into an HPLC system (Shimadzu, Japan) and 
separated on a C18 reverse-phase column (Toso, Japan). The effluent was monitored with 






4.6 Statistical analyses 
Differences between the FS and RCT groups were evaluated using the Student’s t-test for 
age, chi-square test for past medical history, and the Mann-Whitney-U test for qRT-PCR 
data, cells, and vessels count. Data are expressed as means and 95% confidence intervals 
(CIs). A p-value <0.05 was considered statistically significant. The statistical software 
















5.1 HE staining of the CHLs, IGHLs, and RIs 
 Within the CHLs and IGHLs of the FS participants, the collagen bundles (Figure 
5, asterisks) were found to be considerably denser with proliferation of spindle-shaped 
cells containing sharp or ellipsoidal nuclei, that were mostly fibroblast-like cells (Figure 
5, arrows), compared to those from the RCT group (Figure 5A-H). In contrast, the 
collagen bundles were well-organized in the CHLs and IGHLs from the RCT group 
(Figure 5C, D, G, and H). However, the number of collagen bundles (Figure 5, asterisks) 
increased in the RIs from the FS group compared to the RCT group (Figure 5I and J). 
Proliferation of spindle-shaped cells (Figure 5, arrows) was observed in the RIs from the 
RCT group (Figure 5K and L).  
The number of fibroblast-like cells was significantly higher in the CHLs (368 
range; 168-659and IGHLs (446 range; 168-811from the FS group than 
those from the RCT group in the CHLs (220 range; 90-553 and IGHLs (136 
range; 27-258(CHL, p = 0.015; IGHL, p < 0.001) (Figure 6). However, there were 
no significant differences in the number of fibroblast-like cells in the RIs from the FS 
group (359 range; 213-781compared to those from the RCT group (340 
range; 132-527 (p = 0.968) (Figure 6).  
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5.2 Immunohistochemistry of RAGE and AGEs 
RAGE immunoreactivity was more strongly positive in the CHLs and IGHLs 
from the FS group than those from the RCT group (Figure 7A-H). Photomicrographs of 
shoulder capsules immunostained for RAGE revealed moderate RAGE immunoreactivity, 
with brown staining primarily in blood vessels (Figure 7, asterisks) in the CHLs and 
IGHLs from the FS group (Figure 7A, B, E, and F). RAGE immunostaining was focal 
positive in the CHLs and IGHLs from the RCT group (Figure 7C, D, G, and H). However, 
there seemed to be positive immunoreactivity in the RIs from the FS group compared to 
those from the RCT group (Figure 7I and J), a large number of immunostained blood 
vessels (Figure 7, asterisks) were observed in the RIs from the RCT group (Figure 7K 
and L).  
The number of immunostained blood vessels was significantly higher in the 
CHLs (50 range; 9-69 and IGHLs (21 range; 1-66 from the FS group than 
those in the CHLs (72 range; 26-134 and IGHLs (25 range; 7-50 from the 
RCT group (CHL, p = 0.001; IGHL, p < 0.001) (Figure 8). However, there were no 
significant differences in the number of immunostained blood vessels in the RIs (65 
range; 58-72from the FS group compared to those from the RCT group (66 
range; 60-71 (p = 0.932) (Figure 8). 
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Photomicrographs of shoulder capsules immunostained for CML revealed 
strongly positive CML immunoreactivity, with brown staining in fibrous tissue, in the 
CHLs from the FS group (Figure 9A and B). The IGHLs from the FS group were also 
strongly positive immunostained for CML (Figure 9E and F). The RIs from the FS group 
and were positive immunostained for CML (Figure 9I and J). In comparison with the 
samples from the FS group, CML immunostaining was focal positive in the CHLs, IGHLs, 
and RIs (Figure 9C, D, G, H, K and L).  
Photomicrographs of shoulder capsules immunostained for pentosidine revealed 
almost negative pentosidine immunoreactivity in the CHLs from the FS group (Figure 
10A and B). The IGHLs and RIs from the FS group and the CHLs, IGHLs, and RIs from 
the RCT group had completely negative pentosidine immunostaining (Figure 10C-L). 
 
5.3 Gene expression levels related to RAGE pathways 
The gene expression levels of the factors related to the RAGE-dependent 
pathway, such as RAGE, HMGB1, S100A1, S100B, TLR2, TLR4, NF-κB, ICAM-1, 
VCAM-1, TNFα, IL-6 and IL-1β (Figure 11), were significantly greater in the CHLs from 
the FS group (RAGE; 5.3  HMGB1; 9.3  S100A1; 7.1 , S100B; 4.0  
TLR2; 9.0  TLR4; 4.0 , NF-κB; 7.3 , ICAM-1; 3.4 , VCAM-1; 6.1 
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, TNFα; 5.2 , IL-6; 4.8  IL-1β; 5.7 ) compared to those from the RCT 
group (RAGE; 1.0  HMGB1; 1.5  S100A1; 1.2 , S100B; 0.7  TLR2; 
1.5  TLR4; 0.9 , NF-κB; 0.9 , ICAM-1; 0.8 , VCAM-1; 1.0 , 
TNFα; 1.2 , IL-6; 1.5  IL-1β; 1.3 ) (RAGE; p = 0.005, HMGB1; p = 0.008 
S100A1; p = 0.001, S100B; p = 0.001 TLR2; p = 0.039 TLR4; p = 0.021, NF-κB; p = 
0.001, ICAM-1; p = 0.009, VCAM-1; p = 0.006, TNFα; p = 0.016, IL-6; p = 0.044, IL-1β; 
p = 0.011). However, there were no significant differences in Egr-1 gene expression levels 
in the CHLs from the FS group (4.9 ) and RCT group (2.0 p = 0.12. (Figure 
11H). 
The gene expression levels were also significantly greater in the IGHLs 
(Figure 12) from the FS group (RAGE; 1.1  HMGB1; 1.9  S100A1; 3.3 , 
S100B; 1.5  TLR2; 1.5  TLR4; 1.2 , NF-κB; 1.1 , Egr-1; 1.6 
ICAM-1; 1.5 , TNFα; 6.3 , IL-6; 11.4  IL-1β; 6.8 ) compared 
to those from the RCT group (RAGE; 0.8  HMGB1; 0.5  S100A1; 1.3 , 
S100B; 0.7  TLR2; 0.6  TLR4; 0.7 , NF-κB; 0.7 , Egr-1; 0.5 
ICAM-1; 0.7 , TNFα; 2.0 , IL-6; 2.5  IL-1β; 2.4 ) (RAGE; p = 
0.016, HMGB1; p < 0.001 S100A1; p = 0.008, S100B; p = 0.012 TLR2; p = 0.004 TLR4; 
p = 0.027, NF-κB; p = 0.035, Egr-1; p = 0.007, ICAM-1; p = 0.011, TNFα; p = 0.004, IL-
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6; p < 0.0001, IL-1β; p = 0.001). However, there were no significant differences in VCAM-
1 gene expression levels in the IGHLs from the FS group (1.5 ) and RCT group (0.9 
p = 0.21. (Figure 12J). 
The gene expression levels were significantly greater in the RIs (Figure 13) 
from the FS group (TNFα; 3.1 , IL-6; 3.1 ) compared to those from the RCT 
group (TNFα; 1.0 , IL-6; 1.0) (TNFα; p = 0.035, IL-6; p = 0.027) (Figure 13K 
and L). However, there were no significant differences in RAGE HMGB1 S100A1, 
S100B TLR2 TLR4, NF-κB, Egr-1ICAM-1, VCAM-1 and IL-1β in the IGHLs from the 
FS group (RAGE; 2.3  HMGB1; 1.3  S100A1; 2.2 , S100B; 1.9  
TLR2; 1.9  TLR4; 1.2 , NF-κB; 1.3 , Egr-1; 2.0 ICAM-1; 1.5 , 
VCAM-1; 2.3 IL-1β; 2.0 ) and the RCT group (RAGE; 1.4  HMGB1; 0.9 
 S100A1; 1.1 , S100B; 1.7  TLR2; 1.1  TLR4; 1.3 , NF-κB; 1.3 
, Egr-1; 1.1 ICAM-1; 1.1 , VCAM-1; 1.7 IL-1β; 1.6 RAGE; 
p = 0.352, HMGB1; p = 0.265 S100A1; p = 0.329, S100B; p = 0.551 TLR2; p = 0.769 
TLR4; p = 0.482, NF-κB; p = 0.511, Egr-1; p = 0.220, ICAM-1; p = 0.846; VCAM-1; p = 





5.4 HPLC of the CML and pentosidine 
Expression of the CML level in HPLC was significantly higher in the CHLs 
(20.8 μg/g) from the FS group compared to those from the RCT group (15.0 μg/g) 
(p = 0.011) (Figure 14A). Similarly, the CML level was also significantly higher in the 
IGHLs (21.6 μg/g) from the FS group than in those from the RCT group (15.2 
μg/g) (p = 0.008) (Figure 14B). However, there were no significant differences in 
the RIs (20.6 μg/g) from the FS group than in those from the RCT group (19.7 
μg/g)p = 0.949. (Figure 14C). 
In contrast, there were no significant differences of pentosidine levels in the 
CHLs (0.79 μg/g), IGHLs (1.47 μg/g), and RIs (1.13 μg/g) from the 
FS group than in the CHLs (1.13 μg/g), IGHLs (1.95 μg/g), and RIs (0.85 










One of the most important findings of the present study was that CML, rather 
than pentosidine, accumulated in joint capsules of frozen shoulder, indicationg that AGE 
accumulation and AGE cross-links and stabilization of collagen are supposed to lead joint 
stiffness of FS. The other important finding of the present study was that RAGE, HMGB1, 
and S100 genes and NF-κB signaling pathways were activated in joint capsules of FS, 
indicating that AGEs-RAGE signaling pathways are supposed to play important roles in 
the pathogenesis of FS, leading inflammation with fibrosis in joint capsules of FS. 
The cause of joint stiffness was classified into 2 components: arthrogenic 
(bone, cartilage, synovial membrane, capsule, and ligament) and myogenic (muscle, 
tendon, and fascia) 45. Myogenic components are respond well with rehabilitation, 
however, the joint capsule does not. Therefore, surgical intervention, such as arthroscopic 
pancapsular release, should be considered for recalcitrant cases of FS46,47.  
A thickened CHL has been documented as one of the most specific 
manifestations of FS 48-50. Although a thickened CHL clearly limits the external rotation 
of the shoulder joint 48-50, it also severely restricts the ROM in various directions 34, and 
release of the entire CHL renders it possible to regain the full ROM in FS 39. The CHL is 
divided into two major bands, one of which spreads over the RI to the posterior side of 
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the greater tuberosity; the other attaches the subscapularis and supraspinatus tendons 35. 
Disturbance of the sliding mechanism of these tendons might result in ROM restriction 
34. Although data is lacking regarding IGHL effects on the ROM in FS, release of the 
IGHL could aid in regaining the ROM. Both ligaments have important roles in the ROM 
restriction in FS. 
Hagiwara et al 8, collagen bundles were dense with less space in the RIs from FS, 
on the other hand, the bundles were well-organized in the RIs from RCT. The number of 
cells were significantly higher in the RIs from the FS group compared to those from the 
RCT group 8. The results might suggest that the accumulation of AGEs and RAGE, and 
the gene expressions of RAGE-dependent pathways in the RIs, as well as CHLs and 
IGHLs, could be significantly higher in the FS group than in the RCT group. However, 
there seemed to be more collagen bundles in the RIs from the FS group than those in the 
RCT group; proliferation of spindle-shaped cells was observed in the RIs from the RCT 
group in this study. The gene expression levels were not significantly greater in the RIs 
from the FS group when compared to those from the RCT group. This may be due to as 
follows; (1) RI capsule was considered as the predominant area of FS 50. Furthermore, 
ROM in the shoulder joint decreased with aging and joint capsule including the RI and 
CHL was one of the main causes of restricted ROM 8. Okuno et al. 51 reported that 
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abnormal vessels around the RI might be a cause of pain, and transcatheter arterial 
embolization for FS and RCT was a possible treatment option that had failed to improve 
with conservative treatments. The RI pathology must be a natural aging process, which 
would causes no significant difference in the RIs in the present study. Additional 
inflammation could accelerate fibrosis or induce pain in FS.; (2) Another reason was due 
to individual differences in conservative treatments, tear size, duration of onset, or the 
aging process of the RCT group 52,53. Huri et al. 54 reported that anterior superior lesion 
of rotator cuff tear involved the subscapularis and anterior portion of the supraspinatus 
tendon and adjacent RI structures. Furthermore, the timing of sample collection relating 
to the disease stage could affect the results. Conservative treatment was revealed to be 
effective in 73-80% of cases with full-thickness tears to the rotator cuff 55. Mosca et al. 56 
reported that HMGB1 was significantly increased in post-treatment pain-free rotator cuff 
tendon compared with a healthy shoulder and painful diseased shoulder. The timing of 
collecting samples from the RI would affect the results from this study.  
In the present study, collagen bundle density and the number of cells in the 
CHLs, IGHLs, and RIs in HE staining from the FS group was apparently higher than in 
those from the RCT group, which was similar to the previous report 8. Hwang et al. 14 
reported that samples of HE-stained FS had densely packed collagen fibers, fibroblastic 
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hypercellularity, and increased vascularization. In addition, the immunoreactivity of 
AGEs in the FS capsule was mainly seen around vascular areas (CD34 positive), and 
immunostaining of AGEs in the RCT group was negative 14. In the present study, the 
immunoreactivity of RAGE was also observed around small blood vessels in the CHLs, 
IGHLs, and RIs in both the FS and RCT groups. The differences might be due to 
differences of evaluated AGEs, as details regarding the specific AGEs involved were not 
revealed in the study conducted by Hwang et al. 14. In the present study, the 
immunoreactivity of CML was diffuse in the extracellular matrix, as well as small blood 
vessels, in the CHLs, IGHLs, and RIs from the FS group, suggesting that CML could be 
the primary cause of RAGE proliferation. 
In the present study, CML was more strongly accumulated in the CHLs and 
IGHLs from patients with FS than in those from patients with RCT. However, pentosidine 
was not observed in the CHLs and IGHLs from patients with FS or RCT. In contrast, 
several previous reports have shown increased pentosidine in the joint capsule under 
various conditions. Lee et al. 57 reported that pentosidine was present in the knee joint 
capsule of rat knees that were immobilized for 16 weeks by internal fixation. The 
difference in results between this previous and the present studies might be due to 
differences in species (rodent vs human) or FS pathogenesis (immobilization vs various 
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causes). Holte et al. 58 reported an association between shoulder joint stiffness and 
pentosidine; AGEs in skin collagen were assessed using punch biopsy and 
autofluorescence. The difference in results between this previous study and the present 
study might be due to the difference in the type of samples collected. Pentosidine is a 
pentose-derived fluorescent cross-link formed between arginine and lysine residues in 
collagen 59, and its concentration increases gradually with age in human bone collagen 12. 
Pentosidine might be associated with age-related changes, therefore there is no significant 
difference in the accumulation of pentosidine in the joint capsules from FS and RCT in 
the present study. On the other hand, CML is a glycooxidation product generated by 
oxidization of glycated modified protein lysine residues by superoxide or hydroxyl 
radical, as well as a product during oxidation of both carbohydrates and lipids through 
glyoxal, as one intermediate in the formation of CML from glucose 60. CML is an 
indicator of long-term oxidative stress accumulation, such as accumulation in skin 
collagen with aging, atherosclerosis, diabetes, and Alzheimer disease 60,61.  
Cardiovascular injury or diabetic hyperglycemia leads to the storage of AGEs, 
such as CML, in vascular endothelial cells, and AGEs bind to RAGEs on these cells 62-64, 
triggering the activation of NF-κB by interacting with MAPK and ERK1/2 signaling 
pathways 65,66. NF-κB transmigrates to the nucleus and stimulates the transcription of 
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target genes; endothelial cells subsequently release cytokines, such as TNFα, IL-6, 
ICAM-1, and VCAM-1 67,68, leading to endothelial damage. In this study, the gene 
expression levels of RAGE, NF-κB, and related cytokines were significantly greater in FS 
capsules than in RCT capsules. This indicates that the RAGE-dependent NF-κB signaling 
pathway is greatly expressed in the FS capsule. FS incidence is estimated at 3–5% in the 
general population and up to 20% in those with DM 69. DM coupled with severely 
restricted joint motion on the first visit were poor prognostic factors for FS 70. Patients 
with DM expressed MAPK, NF-κB, matrix metalloproteinase-3, IL-6, and vascular 
endothelial growth factor to induce fibrous tissue in the area of the mechanical stress, 
such as the CHL and long head biceps 71.  
Poor posture, including a forward-leaning head, internal rotation of the scapula, 
and hyper-kyphosis of the thoracic spine, is common in patients with FS. Internal rotation 
of the scapula due to poor posture creates an ischemic condition in the joint capsule, 
induced by decreased blood supply via the anterior humeral circumflex artery 72. These 
circumstances might lead to angiogenesis, infiltration of inflammatory cells, and the 
expression of cytokines in the capsule of patients with idiopathic FS 8. Zwang et al. 28 
reported that the HMGB1-RAGE/TLR-TNFα pathway is upregulated in renal tissue from 
hypoxia rat models. Thus, angiogenesis by hypoxia might play an important role in 
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activating the RAGE-dependent NF-κB signaling pathway in neovascularized vessels, 
leading to inflammation in the FS capsule.  
Egr-1 is a major transcription factor expressed in smooth muscle cells, 
fibroblasts, leukocytes, and endothelial cells, 73 and is highly expressed in response to 
hypoxia, inflammation, oxidative stress, growth factors, and vascular injury 73. Hypoxia 
stimulates rapid production of AGEs, leading to RAGE signaling pathway and up-
regulation of Egr-1 74. Egr-1, with hyperglycemic conditions, promotes proinflammatory 
gene expression, such as ICAM-1 75, IL-6, TNFα, 76 77. In the present study, Egr-1 was 
more strongly accumulated in the IGHLs in FS. Transforming growth factor beta causes 
a time- and dose- dependent increase in Egr-1 protein in normal fibroblasts 78. These 
reports suggest that IGHL in FS might be under hypoxia, leading that Egr-1 activates 
progression of fibrosis of IGHL in FS.  
Glutathione metabolism, which works as an antioxidant defense process, is 
downregulated in the IGHLs of patients with FS 9. Our results indicate that Egr-1 was 
more strongly accumulated in the IGHLs in FS. The RAGE signaling pathway, which 
increases reactive oxygen stress and activates NF-κB 20 and Egr-1, is associated with 
glutathione metabolism. Moreover, the ICAM-1 gene expression level was significantly 
higher in both CHLs and IGHLs from patients with FS compared to those from patients 
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with RCT. However, gene expression of VCAM-1 was significantly higher in only the 
CHLs (not the IGHLs) from patients with FS as opposed to those from patients with RCT. 
This suggests that the CHL might be under most serious inflammation in FS. FS 
pathophysiology differs between the upper parts (the RI and middle glenohumeral 
ligament) and lower parts (the IGHL) of the capsule 9. Differences in blood supply and 
tensile stress during shoulder motion could be related to differences between the CHL and 
IGHL in FS.  
RAGE is classified as a pattern recognition receptor (PRR) 79, and binds with 
various ligands, such as AGEs, HMGB1, S100 protein, amphoterin, and amyloid-beta 
peptide 80. PRRs interact with damage-associated molecular patterns (DAMPs), which 
initiate inflammation for tissue repair in life-threatening stress 81. HMGB1, which is a 
DAMP, binds with RAGE, TLR2, and TLR4, and activates NF-κB signaling cascades, 
leading to the production of cytokines, such as TNFα, IL-6, and IL-1β in macrophages, 
plasmacytoid dendritic cells, and B cells 26-29. Endothelial cells stimulated with S100B 
activate NF-κB signaling pathways and up-regulate the expression of VCAM-1, with 
increased TNFα 82. S100B, which is expressed in skeletal muscle 83,84, stimulates 
myoblast proliferation and inhibits myogenic differentiation by RAGE-dependent 
pathways in skeletal muscle cells 84. Vascular injury promotes S100B expression in 
32 
 
vascular smooth muscle cells, activating RAGE signaling pathways, increasing NF-κB 
expression and its nuclear translocation, and promoting vascular remodeling with 
proliferation of vascular smooth muscle cells 85. The results of the present study could be 
regarded as inflammation associated with AGEs-RAGE signaling pathways, rather than 
general chronic inflammation. AGEs-RAGE signaling pathways as a reaction with 
DAMPs and PRP, might not be specific to joint capsules of FS. Specific conditions might 
occur in the FS capsules. 
 Specific agents have been shown to inhibit AGEs-RAGE signaling pathways. 
For example, a soluble RAGE (sRAGE), recognized as a splice variant containing all 
extracellular domains, however, devoid of the transmembrane and intra-cytoplasmic 
domains, was found to bind RAGE ligands and to effectively prevent the adverse effects 
associated with RAGE signaling 10. Further, treatment with sRAGE reduced 
atherosclerosis in diabetic mice 86. Hence, it was highly expected that both in vitro and in 
vivo administration of sRAGE would reduce AGE/RAGE-mediated complications, such 
as atherosclerosis and insulin resistance 87,88. Wang et al. 89 reported that in patients with 
acute coronary syndrome, sRAGE plasma levels increased to assist in the reduction of 
inflammation during myocardial compensatory protection, suggesting that sRAGE may 
serve as a predictor of severe coronary heart disease. Moreover, Oh et al. 90 reported that 
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treatment with sRAGE-secreting mesenchymal stem cells prevented neuronal cell death 
within an RAGE-signaling amyloid β-induced rat brain model, suggesting that it may 
appreciably improve the effectiveness of cell therapy in Alzheimer disease. In addition, 
sRAGE may prevent activation of AGEs-RAGE-induced carcinogenesis pathways such 
as ERK1/2 91. Other RAGE inhibitors have also proven effective. Specifically, FPS-ZM1, 
a nontoxic RAGE-specific inhibitor, may elicit neuroprotective effects through 
attenuating microglial activation, oxidative stress and inflammation by blocking RAGE 
in rat primary microglia cells 92. Further, Cheng et al. 93 reported that irbesartan, an 
angiotensin 2 receptor blocker, may have a protective role in diabetes-related bone 
damage by blocking the deleterious effects of AGEs/RAGE-mediated oxidative stress. 
Finally, Wang et al. 94 reported that glycine, the simplest amino acid, suppressed the 
AGE/RAGE signaling pathway and inhibited generation of reactive oxygen species in the 
aorta of streptozotocin-induced diabetic rats and in human umbilical vascular endothelial 
cells. However, no studies have reported on the role of AGEs-RAGE inhibitors in human 
shoulder capsules. Nevertheless, these products may serve as key drugs in the suppression 
of human FS. 
 AGEs increase in multiple tissues in DM and contribute to end-organ disease and 
activate RAGE signaling pathways 20-22,95,96. However, the association between AGEs and 
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other metabolic diseases are still unknown. In dyslipidemia, AGEs level was significantly 
elevated in obesity fatty liver model rats, which also had higher total cholesterol, 
triglyceride, low-density lipoprotein and high-density lipoprotein levels, along with 
deteriorated liver function and higher TNF-α and IL-6 levels 97. AGEs affected cholesterol 
homeostasis by impairing gene expression on macrophages in chronic injection of 
galactose-treated mice 98. However, AGEs with dyslipidemia in human have not yet 
reported. In hypothyroidism, RAGE revealed a mechanism regulating thyroid hormone 
secretion in blood samples from patients with type 2 DM-hypothyroidism compared with 
type 2 DM 99. Significant association of the RAGE system with Hashimoto's thyroiditis 
was found only with regard to the prevalence of the -429T>C type of RAGE 
polymorphism, but not with -374T>A polymorphism 100. In the present study, there were 
no significant differences between the two groups in dyslipidemia and hypothyroidism. 
Further studies are needed to clarify the association between AGEs and metabolism in 
joint capsules of FS. 
The current study has several limitations to acknowledge: (1) the sample size 
was small; (2) conservative treatment before the visit to our hospital was insufficiently 
evaluated; (3) normal shoulder capsules were not evaluated; (4) patients in FS group had 
arthroscopic capsular release after appropriate conservative treatments, so all samples 
35 
 
were obtained at the end stage of FS, and mechanisms from its onset to the end stage were 
not evaluated; (5) there remains the possibility of an influence of natural aging process in 



















The results of the present study indicated that in AGEs, CML, rather than 
pentosidine, exerted a more pronounced effect on FS pathology. AGEs, HMGB1, and 
S100 protein are supposed to bring inflammation with fibrosis in FS, by binding to RAGE 
and activating NF-κB signaling pathways. Hence, suppression of these pathways could 
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9. Figure Legends 
Figure 1. Molecular formula and AGEs-RAGE signaling pathway 
(A) Molecular formula of CML, (B) Molecular formula of pentosidine, (C) Isoform of 
RAGE, (D) Isoform of HMGB1, (E) AGEs-RAGE signaling pathway 
 
Figure 2. Anatomy of right shoulder 
 
Figure 3. Assessment of ranges of motion in participants 
(A) Forward flexion, (B) lateral elevation, (C) external rotation, (D) internal rotation, (E) 
90 ° abduction with external rotation, (F) 90 ° abduction with internal rotation, and (G) 
horizontal flexion. All ranges of motion in patients from the FS group were significantly 
smaller than those from the RCT group.  
 
Figure 4. Surgical findings of shoulder 
(A) arthroscopic image in RCT patient (normal control), (B) arthroscopic image of RI in 
FS patient, (C) arthroscopic image of CHL in FS patient, (D) arthroscopic image of IGHL 




Figure 5. Hematoxylin and eosin staining of the CHLs, IGHLs, and RIs 
(A) Hematoxylin and eosin (HE) staining of the CHL from the FS group (×100), (B) 
(×400), (C) the CHL from the RCT group (×100), (D) (×400), (E) the IGHL from the FS 
group (×100), (F) (×400), (G) the IGHL from the RCT group (×100), (H) (×400), (I) the 
RI from the FS group (×100), (J) (×400), (K) the RI from the RCT group (×100), (L) 
(×400). The collagen bundles (asterisk) were considerably denser and contained 
proliferation of spindle-shaped cells with sharp or ellipsoidal nuclei, resembling 
fibroblast-like cells (arrows), in the CHLs and the IGHLs from the FS group compared 
to those from the RCT group. However, the number of collagen bundles (asterisk) 
increased in the RIs from the FS group than those in the RCT group. 
 
Figure 6. Number of fibroblast-like cells of the CHLs, IGHLs, and RIs 
The number of fibroblast-like cells was significantly higher in the CHLs and the IGHLs 
from the FS group compared to those from the RCT group. However, no statistical 
differences were observed in the number of fibroblast-like cells in the RIs from the FS 
group compared to those in the RCT group.  
 
Figure 7. Immunohistochemistry of RAGE 
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(A) Immunostaining of RAGE in the CHL from the FS group (×100), (B) (×400), (C) that 
of the CHL from the RCT group (×100), (D) (×400), (E) that of the IGHL from the FS 
group (×100), (F) (×400), (G) that of the IGHL from the RCT group (×100), (H) (×400), 
(I) that of the RI from the FS group (×100), (J) (×400), (K) that of the RI from the RCT 
group (×100), (L) (×400). RAGE immunoreactivity was more strongly positive in the 
CHLs and IGHLs from the FS group than those from the RCT group with brown staining 
primarily in blood vessels (asterisks). RAGE immunostaining was focal positive in the 
CHLs and IGHLs from the RCT group. However, there seemed to be positive 
immunoreactivity in the RIs from the FS group compared to those from the RCT group. 
 
Figure 8. Number of immunostained blood vessels 
The number of immunostained blood vessels was significantly higher in the 
CHLs and IGHLs from the FS group than in the CHLs and IGHLs from the RCT group. 
However, there were no significant differences in the number of immunostained blood 
vessels in the RIs from the FS group compared to those from the RCT group. 
 
Figure 9. Immunohistochemistry of CML 
(A) Immunostaining of CML of the CHL from the FS group (×100), (B) (×200), (C) that 
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of the CHL from the RCT group (×100), (D) (×200), (E) that of the IGHL from the FS 
group (×100), (F) (×200), (G) that of the IGHL from the RCT group (×100), (H) (×200), 
(I) that of the RI from the FS group (×100), (J) (×200), (K) that of the RI from the RCT 
group (×100), and (L) (×200). Photomicrographs of shoulder capsules immunostained for 
CML revealed strongly positive CML immunoreactivity, with brown staining in fibrous 
tissue, in the CHLs from the FS group. The IGHLs from the FS group were also strongly 
positive immunostained for CML. The RIs from the FS group and were positive 
immunostained for CML. CML immunostaining was focal positive in the CHLs, IGHLs, 
and RIs. 
 
Figure 10. Immunohistochemistry of pentosidine 
(A) Immunostaining of pentosidine of the CHL from the FS group (×100), (B) (×200), 
(C) that of the CHL from the RCT group (×100), (D) (×200), (E) that of the IGHL from 
the FS group (×100), (F) (×200), (G) that of the IGHL from the RCT group (×100), (H) 
(×200), (I) that of the RI from the FS group (×100), (J) (×200), (K) that of the RI from 
the RCT group (×100), and (L) (×200). Photomicrographs of shoulder capsules 
immunostained for pentosidine revealed almost negative pentosidine immunoreactivity 
in the CHLs from the FS group. The IGHLs and RIs from the FS group and the CHLs, 
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IGHLs, and RIs from the RCT group had completely negative immunostaining. 
 
Figure 11. Gene expression levels of the factors in CHL assessed using quantitative 
reverse transcription-polymerase chain reaction 
(A) The gene expression levels of RAGE in CHL, (B) HMGB1, (C) S100A1, (D) S100B, 
(E) TLR2, (F) TLR4, (G) NF-κB, (H) Egr-1, (I) ICAM-1, (J) VCAM-1, (K) TNFα, (L) IL-
6, (M) IL-1β. RAGE, HMGB1, S100A1, S100B, TLR2, TLR4, NF-κB, ICAM-1, VCAM-1, 
TNFα, IL-6 and IL-1β were significantly greater in the CHLs from the FS group compared 
with those from the RCT group. 
 
Figure 12. Gene expression levels of the factors in IGHL assessed using quantitative 
reverse transcription-polymerase chain reaction 
(A) The gene expression levels of RAGE in IGHL, (B) HMGB1, (C) S100A1, (D) S100B, 
(E) TLR2, (F) TLR4, (G) NF-κB, (H) Egr-1, (I) ICAM-1, (J) VCAM-1, (K) TNFα, (L) IL-
6, (M) IL-1β. RAGE, HMGB1, S100A1, S100B, TLR2, TLR4, NF-κB, Egr-1, ICAM-1, 
TNFα, IL-6 and IL-1β were significantly greater in the IGHLs from the FS group 




Figure 13. Gene expression levels of the factors in RI assessed using quantitative 
reverse transcription-polymerase chain reaction 
(A) The gene expression levels of RAGE in RI, (B) HMGB1, (C) S100A1, (D) S100B, (E) 
TLR2, (F) TLR4, (G) NF-κB, (H) Egr-1, (I) ICAM-1, (J) VCAM-1, (K) TNFα, (L) IL-6, 
(M) IL-1β. TNFα, IL-6 were significantly greater in the RIs from the FS group compared 
with those from the RCT group. 
 
Figure 14. High-performance liquid chromatography of CML 
High-performance liquid chromatography (HPLC) of CML in the CHLs (A) and IGHLs 
(B). HPLC revealed that the CML level was significantly higher in the CHLs from the FS 
group than in those from the RCT group (p = 0.011) (A). Similarly, the CML level was 
also significantly higher in the IGHLs from the FS group than in those from the RCT 
group (p = 0.008) (B).  
 
Figure 15. High-performance liquid chromatography of pentosidine 
High-performance liquid chromatography (HPLC) of pentosidine of the CHLs (A), 
IGHLs (B), and RIs (C). There were no significant differences in CHL, IGHL, and RI 
pentosidine levels between the groups (A-C). 
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10. Table Headings 
Table 1. Characteristics of participants  
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FS; frozen shoulder 
ROM; range of motion 
AGEs; advanced glycation end-products 
CML; Carboxymethyllysine 
RAGE; receptor of advanced glycation end-product 
HMGB1; high-mobility group box 1 
S100A1; S100 calcium binding protein A1  
S100B; S100 calcium binding protein B 
MAPK; mitogen-activated protein kinase 
ERK1/2; extracellular signal-regulated kinase 
NF-κB; nuclear factor-κ B 
Egr-1; Early growth response-1 
DM; diabetes mellitus 
ICAM-1; intercellular adhesion molecule-1 
VCAM-1; vascular cell adhesion molecule-1 




IL-1β; interleukin-1 beta 
TLR2; toll-like receptor 2 
TLR4; toll-like receptor 4 
CHL; coracohumeral ligament 
IGHL; anterior-inferior glenohumeral ligament 
RI; rotator interval  
RCT; rotator cuff tears 
qRT-PCR; quantitative real-time polymerase chain reaction 
HPLC; high-performance liquid chromatography  
EF1α1; elongation factor 1-α 1 


































Table 1. Basic characteristics of patients 
 Frozen shoulder Rotator cuff tear p 
value 
Number of patients for CML 14 14  
Age (years), deviation, mean (range) 56.4 5.3 (46-68)  62.0 8.7 (49-78)  0.094 
male:female 4:10 5:9  
Number of patients for pentosidine 19 11  
Age (years), deviation, mean (range) 52.6 12.2 (25-69)  62.6 9.9 (46-79)  0.052 
male:female 7:12 8:3  
Duration from first visit to surgery 
(month), mean (range) 
3.4 (2-11) 4.3 (1-9) 0.17 
Past medical history    
 Hypertension 2 4 0.73 
 Dyslipidemia 1 1 0.84 
 Hypothyroidism 1 0 0.38 
 Tumor 4 4 0.67 



















Table 2. Polymerase Chain Reaction Primer Sequence 
Gene Name GenBank  Nucleic Acid Sequences 
RAGE NM_001206929.1 Upstream AGCCACTGGTGCTGAAGTGT 
  
Downstream TGTCCGGCCTGTGTTCAGTT 
HMGB1 NM_001313892.1 Upstream GCTGTGCAAAGGTTGAGAGC 
  
Downstream CGGGTACACAGGACACACAA 
TLR2 NM_001318787.1 Upstream CTGTGCTCTGTTCCTGCTGA 
  
Downstream GATGTTCCTGCTGGGAGCTT 
TLR4 NM_003266.3 Upstream CTCAGAAAAGCCCTGCTGGA 
  
Downstream TGTTGCTTCCTGCCAATTGC 
S100A1 NM_006271.2 Upstream ACTGCTGCAATGGGCTCTGA 
  Downstream TCCGTCTGCAGCAGCTCTTT 
S100B NM_006272.3 Upstream GGCCTGTGTGTAAGCTGACT 
  Downstream CGGTGCACGCTTTATCACTG 
NF-κB NM_001279309.1 Upstream GACAGTGACAGTGTCTGCGA 
  
Downstream AGTTAGCAGTGAGGCACCAC 
ICAM-1 NM_000201.3  Upstream AGCCGCAGTCATAATGGGCA 
  
Downstream CGTGGCTTGTGTGTTCGGTT 
VCAM-1 NM_001199834.1 Upstream TTCACTCCGCGGTATCTGCA 
  
Downstream ACGACCATCTTCCCAGGCAT 
Egr-1 NM_001964.3 Upstream TCATCAAACCCAGCCGCATG 
  
Downstream ACTCCACTGGGCAAGCGTAA 
TNFα NM_212859.2 Upstream CCACCACGCTCTTCTGTCTA 
  
Downstream ACTGATGAGAGGGAGCCCATT 
IL-6 NM_000600.5 Upstream TCTGGTCTTCTGGAGTTCCGT 
  
Downstream GCATTGGAAGTTGGGGTAGGA 
IL-1β NM_000576.3 Upstream GGTCGCTTTGCTGTTCGTGAT 
  
Downstream AGAGTGGGGTGGCAGGTATTAGG 
EF1α1 NM_001402 Upstream GGTCGCTTTGCTGTTCGTGAT 
  
Downstream AGAGTGGGGTGGCAGGTATTAGG 
 
